Jarosite family compounds, KFe 3 (OH) 6 (SO 4 ) 2 , (abbreviate Fe jarosite), and 2
I. INTRODUCTION
The antiferromagnets on the kagomé lattice have frustration due to the competition of the antiferromagnetic interactions between neighboring spins. The antiferromagnets on the triangular lattice also have been well known as the frustration systems. While the triangular lattice has 6 nearest neighbors and the adjacent triangles on the triangular lattice share one side, or 2 lattice points, in common, the kagomé lattice has only 4 nearest neighbors and the adjacent triangles on the kagomé lattice share only one lattice point in common. Thus the spins on the kagomé lattice suffer smaller restriction from neighboring spins than the spins on the triangular lattice. The Heisenberg antiferromagnet on the kagomé lattice exhibits infinite and continuous degeneracy of the ground state. Theoretically the two-dimensional isotropic Heisenberg kagomé lattice antiferromagnet have no magnetic phase transition at finite temperature. The thermal or the quantum fluctuation, however, resolves the degeneracy of the ground state [1, 2] . This effect induces the coplanar spin arrangement and two Néel states have been discussed as candidates for the spin structure at zero temperature.
One is a q = 0 type and the other is a √ 3 × √ 3 type of the 120 • structure. Theoretical studies suggest that the latter is favored slightly [1] . When a weak Ising-like anisotropy is introduced into the Hisenberg kagomé lattice antiferromagnet, the system has the magnetic phase transition at finite temperature and has a peculiar spin structure [3] . Small perturbation, anisotropy or distortion may resolve the degeneracy of frustrated systems and cause the phase transition. 
II. EXPERIMENTAL RESULTS
The magnetization was measured using a SQUID magnetometer in the temperature range between 2 K and 300 K. The susceptibility for the Heisenberg kagomé lattice antiferromagnet has been calculated by the high temperature expansion up to the 8th order and the result is extended to the lower temperature by the Padé [4, 4] approximants [7] . The 1 H-NMR spectrum of Fe jarosite has a sharp peak in the paramagnetic phase, while the spectrum below 65 K becomes to be broader and shows typical pattern for the powder antiferromagnets [9] . This transition temperature coincides with the susceptibility data and the spectrum indicates the antiferromagnetic ordering.
The spin-lattice relaxation rates, 1/T 1 , of 1 H in Fe jarosite is shown in Fig. 4 . The rate 1/T 1 in the paramagnetic phase slightly increases as temperature approaches to T N [Fe] . The rate in the ordered phase decreases sharply as temperature is lowered.
The NMR spectrum for Cr jarosite has a sharp peak in the paramagnetic phase, while the half width increases below 4.2 K. The rate 1/T 1 for Cr jarosite is almost independent of the temperature in paramagnetic phase, however, it decreases below 4.2 K as temperature is lowered.
III. DISCUSSION
The NMR spectrum of Fe jarosite indicates that all protons feel same magnitude of internal dipolar field from Fe 3+ spins. This suggests that the ordered spin structure is the q = 0 type of the 120
• configuration with positive chirality. If there existed the magnetic alignment with negative chirality, two kinds of proton sites with different magnitude of the internal field must exist. The neutron diffraction experiments confirmed this magnetic structure and revealed that the spins direct to or from the center of triangle on the kagomé lattice [10] .
This spin structure is considered to be caused by the single-ion type anisotropy of magnetic ions. Each magnetic ion is surrounded by an octahedron composed of six oxygens, whose principal axis cants about θ = 20
• from the c-axis towards the center of a triangle and the octahedron deforms slightly. The deformation and the canting of the octahedron must cause the single-ion anisotropy. The spin system can be expressed as,
<i,j>
where the local coordinate (x ′ , y ′ , z ′ ) for each ion is determined by the relation with each surrounding octahedron, D > 0 and E > 0. In the case of
the spin structure with the minimum energy for the system is the q = 0 type with the positive chirality and the spins direct to or from the center of the triangle on the kagomé lattice. This means that the system corresponds effectively to the two-dimensional Ising antiferromagnet, which has the magnetic phase transition at finite temperature [10] . The ordering in the plane would induce the three-dimensional ordering due to the infinitesimal interplane interaction.
The relaxation rate in the ordered phase can be analyzed by the two-magnon process of the spin wave in the Heisenberg kagomé lattice antiferromagnet. The relaxation rate by the two-magnon process is expressed as [11] ,
where G ij is the geometrical factor of the dipolar interaction, ω m is the maximum frequency, ω 0 is the energy gap and N(ω) is the state density of magnons. The dispersion relation of magnons in the system of q = 0 type spin structure has been obtained by Harris et al. [7] .
We adapt their method for Fe jarosite by introducing the anisotropy. The dispersion curves have the energy gaps due to the anisotropy and the lowest energy gap is given as,
Applying the long wave approximation for the dispersion relation, the relaxation rate is given as [12] ,
where T m =hω m /k B and T 0 =hω 0 /k B . We calculated the temperature dependence of 1/T 1 and the calculated values are shown in Fig. 4 by the solid curve. The agreement between the experimental data and the calculated values is fairly well and we get the value of energy gap to be 25 K. The values of E and D are estimated by using Eq. (2) and (4) as,
0 < D J < 0.020.
As is seen in Fig. 2 , the susceptibility for Cr jarosite increases sharply below 4.2 K.
Below this temperature the difference between the susceptibility measured after the zerofield cooling (ZFC) and that measured after the field cooling (FC) was observed. The same behavior has been reported by A. Keren et al. [13] . The magnetization curve was measured at 2.0 K to clarify this anomaly and is shown in Fig. 5 . There we find a small hysteresis loop, which suggests the existence of weak ferromagnetic moments. The difference in the susceptibility between ZFC and FC comes from the hysteresis loop below 4.2 K. By our neutron diffraction experiment for Cr jarosite the long-range ordering has been observed below 4.2 K. S. -H. Lie et al. have also reported the weak long range antiferromagnetic ordering observed by the neutron experiments [14] . We conclude that the transition of Cr jarosite at 4.2 K is not a spin glass like but magnetic one.
The weak ferromagnetic moment is considered to be caused by the canting of the 120 
